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INTRODUCTION 


Wood  is  a very  flexible  and  versatile  material:  very  resistant  to 
the  physical  and  chemical  environment  but  subject  to  attack  by  biological 
agents  - fungi,  termites,  and  marine  borers.  Resistance  to  these  agents 
can  be  improved  markedly  by  impregnating  the  wood  with  certain  toxic 
compounds  or  mixtures,  which,  collectively,  are  called  wood  preservatives. 
Treatment  with  some  of  these  preservatives  is  said  to  produce  little 
change  in  the  physical  properties  of  wood.  However,  treatment  with 
certain  water  soluble  salts,  particularly  in  dual  treatment  where  the 
salt  treatment  is  followed  by  kiln  drying  and  treatment  with  creosote, 
has  been  reported  to  cause  an  increase  in  brittleness  in  the  treated 
wood.  For  example,  the  Naval  Reserve  Training  Center,  Wilmington,  N.C., 
reported  that  of  nine  55-foot  fender  piles  received,  three  arrived 
cracked  or  broken,  and  one  broke  in  two  during  unloading.  Others  have 
stated  that  the  salt  treatment  alone  does  not  affect  the  physical  proper- 
ties of  the  wood,  but  rather  the  salt  treatment  plus  the  kiln  drying 
used  in  the  dual  treatment  procedure.  Despite  this  controversy,  the 
American  Wood  Preservers'  Association  recommends  dual  treatment  or  a 
2.5  lb/cu  ft  salt  treatment  for  piles  which  are  to  be  driven  in  areas  of 
severe  marine  borer  hazard.  Studies  conducted  by  the  Civil  Engineering 
Laboratory  (CEL)  at  Coco  Solo,  C.Z.*  have  shown  the  superiority  of 
dual-treated  piles  to  creosote-treated  piles  in  resistance  to  marine 
borers.  However,  because  the  major  use  for  wood  piles  in  the  Navy  is 
now  for  fender  piles,  any  significant  loss  in  strength  of  treated  wood 
becomes  very  important  to  the  design  and  maintenance  of  these  energy- 
absorbing systems. 

Thus,  CEL  was  requested  to  investigate  the  effects  of  various  com- 
mercial treatments  on  the  mechanical  properties  of  wood.  It  is  the 
purpose  of  this  report  to  describe  and  discuss  an  experiment  in  which 
seventy-five  piles  treated  in  various  ways  were  destructively  tested. 


DESIGN  OF  EXPERIMENT 

Thirty-five  peeled  Douglas  fir  logs  as  nearly  alike  as  feasible 
were  selected  from  on-hand  supplies  and  cut  into  pieces  approximately 
30  feet  long,  nominally  12  inches  in  diameter  at  the  butt  end  and  7 inches 
in  diameter  at  the  tip  end.  These  were  separated  into  seven  lots  of 
five  piles  each.  The  seven  different  lot  treatments  were: 


*Civil  Engineering  Laboratory.  Technical  Note  N-1466:  1976  inspection 

of  experimental  treated  piling,  by  T.  Roe,  Jr.  Port  Hueneme,  Calif., 
Dec  1976. 
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1.  Untreated 

2.  Standard  creosote  treatment 

3.  ACA*,  2.5  lb/cu  ft  of  sapwood 

A.  ACA,  1 lb/cu  ft  of  sapwood,  followed  by  kiln  drying,  followed 
by  standard  creosote  treatment 

5.  ACA,  1 lb/cu  ft  of  sapwood,  followed  by  air  drying,  followed 
by  standard  creosote  treatment 

6.  CCA*,  1 lb/cu  ft  of  sapwood,  followed  by  kiln  drying,  followed 
by  standard  creosote  treatment 

7.  CCA,  1 lb/cu  ft  of  sapwood,  followed  by  air  drying,  followed 
by  standard  creosote  treatment. 

All  preservative  retentions  met  the  minimum  American  Wood  Preservers' 
Association  requirements  except  for  the  dual-treated  CCA  + creosote, 
both  air-  and  kiln-dried  (see  Table  1). 

Forty  peeled  southern  pine  logs  as  nearly  alike  as  feasible  were 
selected  from  on-hand  supplies  and  cut  into  forty  pieces  approximately 
30  feet  long,  12  inches  in  diameter  at  the  butt  end,  and  7 inches  in 
diameter  at  the  tip  end.  These  were  separated  into  eight  lots  of  five 
piles  each.  Seven  lots  were  given  the  same  levels  of  treatment  as  the 
seven  lots  of  fir.  An  eighth  treatment  - 2.5  lb  of  CCA/cu  ft  of  sapwood  - 
was  used  on  the  remaining  eighth  lot.  All  preservative  retentions  met 
the  minimum  American  Wood  Preservers'  Association  requirements. 

The  75  piles  were  then  destructively  tested  at  the  Forest  Research 
Laboratory,  Corvallis,  Ore.,  in  a random  chronological  manner.  Table  2 
lists  the  types  of  test,  descriptions  of  which  appear  in  the  next  section 
of  this  report. 

The  foregoing  experimental  design  contains  several  factorial  designs 
which  the  reader  can  discern;  for  example:  (1)  70  piles  constitute  a 
two-factor  experiment  (namely,  wood  at  two  levels  and  treatments  at 
seven  levels);  (2)  40  piles  constitute  a three-factor  experiment  (namely, 
wood  at  two  levels,  salt  at  two  levels,  and  method  of  drying  - after 
salt,  but  before  creosote  - at  two  levels);  and  (3)  some  comparisons  are 
limited  either  to  fir  or  pine. 

To  be  found  in  the  Appendix  are:  (1)  the  six  elements  of  data  for 
each  pile;  (2)  a set  of  statistical  analyses  of  variance  of  the  data  for 
main  and  interaction  effects  with  tests  of  significance;  (3)  a list  of 
bounds  for  0.95  confidence  intervals  and  best  estimates  of  mean  differ- 
ences between  various  treatment  effects;  and  (4)  because  salt-treated 
piles  cost  more  money  than  those  not  salt-treated,  some  additional 
analyses  and  confidence  intervals  for  differences  on  a per  dollar  basis. 


*ACA,  ammoniacal  copper  arsenite;  CCA,  chromated  copper  arsenate. 
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PILE  DESTRUCTIVE  TEST  PROCEDURES 


Bending  Tests  of  Full-Sized  Piles 

Piles  were  selected  randomly  for  testing.  They  were  loaded  into  a 
600,000-lb  capacity,  universal  testing  machine  from  the  Civil  Engineering 
Department  of  Oregon  State  University.  If  a pile  was  curved,  it  was 
rotated  before  the  loading  procedure  until  there  was  no  horizontal 
curve.  The  loading  heads,  spaced  as  shown  in  Figure  1,  were  loaded 
until  they  almost  touched  the  pile,  load  and  deflection  recording  devices 
were  zeroed,  and  circumferences  were  measured  at  the  tip,  middle,  and 
butt  of  each  pile.  Moisture  contents  of  untreated  or  creosote-treated 
piles  were  measured  with  a resistance-type  moisture  meter  near  a loading 
head  at  a depth  of  0.5,  1,  1.5,  2,  and  2.5  inches. 

Data  were  recorded  in  two  ways:  (1)  by  means  of  a strip  chart 
attached  to  the  universal  testing  machine  and  written  data  sheets,  and 
(2)  a magnetic  tape,  digital  recorder  and  microphone  provided  by  CEL. 

The  tape  reel  number,  tape  footage,  date,  time,  and  specimen  numbers 
were  recorded  on  the  data  sheet,  and  the  tape  recorder  was  set  for 
recording.  The  specimen  number,  date,  and  weather  report  were  spoken 
into  the  microphone,  and  some  sounds  were  recorded  of  the  breaking 
piles.  The  loading  rate  was  0.53-in. /min  until  failure  when  the  head 
speed  was  increased  until  10  inches  of  deflection  occurred.  Maximum 
breaking  load  (P  ) was  recorded  on  the  data  sheets  as  were  abnormal- 
ities such  as  severe  slope  of  grain  or  overabundance  of  knots,  and  the 
type  of  failure  (i.e.,  compression,  tension,  or  shear). 

After  these  bending  tests,  a 4-ft-long  butt  specimen  and  a 3-in. -long 
cross  section  near  the  failure  were  cut  from  each  pile.  The  4-ft-long 
specimens  were  sent  to  CEL  and  the  3-in. -long  sections  were  saved  for 
preservative  analyses.  Moisture  content  specimens  were  taken  near  the 
point  of  failure.  Salt-treated  and  untreated  specimens  were  oven-dried. 
The  Karl  Fischer  method  was  used  to  determine  moisture  contents  of 
creosote  and  salt-treated  specimens.  Sections  of  piles  from  the  vicinity 
of  failure  points  were  cut  and  saved. 

Compression  Tests  on  Piles  Segments 

The  4-foot  butt  specimens  obtained  earlier  were  squared  off  with  a 
table  chainsaw  to  a length  of  45  inches.  The  specimens  were  submerged 
in  water  in  a retort  and  90  psi  of  pressure  applied  to  bring  the  wood  to 
its  fiber  saturation  point.  This  water-impregnation  treatment  required 
1 day  for  pine  and  1 week  for  Douglas  fir.  Moisture  contents  of  creosoted 
specimens  were  recorded  with  five  readings  at  1/2-inch-depth  increments 
up  to  a total  depth  of  2-1/2  inches  in  the  middle  of  a piece  2 feet  from 
its  end.  The  moisture  content  of  dual-treated  piles  was  assumed  to  be 
similar  to  creosote-treated  material.  The  moisture  content  of  salt- 
treated  piles  was  assumed  to  be  similar  to  the  untreated  specimens.  The 
average  moisture  contents  after  pressure  treatment  with  water  were  30% 
for  southern  pine  and  28%  for  Douglas  fir. 
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The  length  and  circumference  at  butt  and  tip  of  each  specimen  was 
measured.  Loading  to  failure  was  at  the  rate  of  200  kips/min.  The 
location  of  each  failure  was  recorded. 


Findings 

All  the  findings  in  Table  3 are  relative  to  and  limited  to  the 
treatments  (e.g.,  quantities  of  salts),  type  of  pile,  and  methods  of 
testing  described  in  the  Design  of  Experiment  and  Pile  Destructive  Test 
Procedures  sections. 

For  all  these  reported  differences  (reductions  relative  to  untreated 
piles,  relative  to  creosoted  piles,  and  any  comparison  indicated  in 
Table  3),  the  best  estimates  of  predicted  amount  of  change  are  contained 
in  the  Appendix  (Tables  18,  19,  and  20),  together  with  0.95  confidence 
bounds  for  each  difference.  The  reader  should  note  that  those  cases  are 
not  listed  ?n  Table  3 findings  where  the  confidence  region  for  the 
differences  contain  zero  (i.e.,  bounds  of  opposite  algebraic  sign). 

Table  3 contains  96  findings.  Because  each  of  these  was  based  on 
the  0.95  level  of  significance,  the  expected  number  of  erroneous  findings 
is  less  than  A. 8 (5%  x 96).  Just  which  findings  are  false  is  not  known. 
For  the  convenience  of  the  reader,  Table  A is  shown.  The  entries  in  the 
table  are  merely  the  average  (mean)  of  the  5 (or  ?0,  or  20)  test  results. 
Entries  not  related  to  the  findings  are  omitted. 

Shortage  of  funds  precluded  the  seeking  of  findings  for  E^  and  p^. 


DISCUSSION 

Tables  A,  5,  and  6*  may  be  useful  to  the  designer  and  planner. 

Data  on  strength  of  piles  found  in  handbooks  usually  refer  to  untreated 
piles.  A designer  can  obtain  from  Table  A a rough  estimate  of  the  ratio 
of  strength  for  his  choice  of  species  and  treatment  compared  to  that  of 
the  stronger  untreated  piles.  Then  the  number  of  piles  required  for  the 
job  can  be  estimated. 

The  planner,  in  deciding  between  alternative  treatments,  may  make 
use  of  these  tables.  For  example,  if  creosoted  fir  bearing  piles  and 
CCA  dual-treated  fir  bearing  piles  are  the  choices,  Tables  5 and  6 in 
the  Appendix  show  an  average  Fc  of  3,200  psi  for  creosoted  fir;  Table  A, 
2,333  psi  for  CCA  dual.  Comparative  costs,  which  can  be  found  in  the 
Appendix,  are,  respectively  $5.50  and  $6. 50/linear  ft. 


3200  ^ 2333 

5.5  • 6.5  = 


^Tables  5 and  6 are  found  in  the  Anoendix. 


Thus,  it  is  estimated  that  to  obtain  equivalent  bearing  support  for  the 
pier  it  will  cost  62%  more  dollars  if  the  dual  treatment  rather  than 
creosote  is  chosen.  This  can  be  justified  if  the  dual-treated  piles 
will  last  more  than  1.62  times  the  longevity  (in  years)  of  creosoted 
piles  in  the  application  and  environment  intended. 

Admittedly,  this  is  a very  rough  computation  for  many  reasons,  such 
as : 

(1)  Cost  of  installation  and  inflation  are  ignored. 

(2)  Table  values  are  based  on  a limited  number  of  piles,  selected 
originally  for  high  quality  appearance  and  apparent  low  variation  from 
pile  to  pile.  Thus,  the  table  values  may  be  higher  than  they  would  be 
if  unselected  run-of-the-mill  piles  were  used. 

(3)  Tables  5 and  6 data  are  not  moisture  corrected.  They  are, 
however,  representative  of  what  the  planner  might  find  in  the  storage 
yard  and  thus  representative  of  recently  driven  piles  before  moisture 
saturation.  Rate  of  moisture  absorption  is  not  known  by  the  authors. 

(4)  The  reduced  strength  increases  the  frequency  of  reinstallation 
and  this  is  ignored. 

Because  it  is  difficult  to  estimate  a priori  how  long  a pile  of  a 
particular  species,  treatment,  use,  and  environment  will  last  before 
need  for  replacement,  an  economical  field  test  is  suggested.  Briefly, 
this  would  consist  of  selecting  at  random  from  the  list  of  competitive 
treatments  a replacement  pile  for  each  and  every  pile  needing  replacement. 
If  records  were  kept  on  all  these  replacements  relative  to  costs,  dates 
of  installation  and  replacement,  location,  and  other  data,  after  a 
number  of  years  analysis  of  the  data  should  bring  to  light  the  best 
choice. 


CONCLUSIONS 

For  Douglas  fir  piles,  it  is  concluded  that: 

(1)  Dual  treatment  (ACA  and  creosote  or  CCA  and  creosote)  or  treat- 
ment with  only  ACA  will  reduce  some  mechanical  properties  of  a pile  more 
than  treatment  with  creosote.  For  specific  numerical  reduction  refer  to 
Table  4. 

(2)  Of  the  two  dual  treatments,  CCA  and  creosote  reduces  some 
mechanical  properties  of  a pile  more  than  ACA  and  creosote  (refer  to 
Table  4). 

(3)  In  dual  treatments,  kiln  drying  is  more  deleterious  than  air 
drying  (refer  to  the  Appendix). 
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For  southern  pine  piles,  it  is  concluded  that: 

(1)  Dual  treatment  (ACA  and  creosote  or  CCA  and  creosote)  or  treat- 
ment with  ACA  only  are  more  deleterious  to  more  mechanical  properties 
than  treatment  with  creosote  (refer  to  Table  4) . 


RECOMMENDATIONS 

It  is  recommended  that: 

(1)  In  areas  where  piles  are  destroyed  mainly  by  mechanical  means, 
creosote-treated  piles  should  be  considered. 

(2)  In  areas  where  piles  are  destroyed  mainly  by  biological  attack 
and  it  is  known  that  dual-treated  piles  will  last  sufficiently  longer 
than  creosoted  piles,  the  additional  expense  will  be  justified. 

(3)  Accurate  records  should  be  kept  of  randomly  placed  pile  treat- 
ments and  of  installation  and  removal  dates  so  that  a better  selection 
of  treatments  could  be  made. 
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Table  2.  Types  of  Tests 


Table  3.  Effect  of  Treatments  on  Flexural  and 
Compressive  Properties  of  Piles 


Treatment 

£ 

Properties  Reduced 

Comment 

Fir  and  Pine  Piles  Equally  Represented*5 

Creosote,  ACA  dual, 

CCA  dual,  or  ACA 

MOR,  E^,  and 

-- 

ACA  dual,  CCA  dual, 
or  ACA 

F 

c 

— 

Creosote  or  CCA  dual 

MOR/ $ , Mf/$,  and  Fc/$ 

CCA  dual 

MOR,  Ef , Fc,  MOR/ $ , 

Reduced  more 
than  creosote 

Fc/$ 

treatment 

Reduced  more 

ACA  dual 

F 

than  creosote 

treatment 

Reduced  more 

CCA  dual 

MOR  and  Ef 

than  ACA  dual 

treatment 

Fir  Piles 

Creosote,  ACA,  ACA 
dual,  or  CCA  dual 

MOR,  Ef , uf,  MOR/ $ , 
Mf/$ , and  Fc/$ 

-- 

ACA,  ACA  dual,  or 

CCA  dual 

F 

c 

-- 

CCA  dual 

MOR,  E , F , MOR/ $ , 

anS  F /$ 
c 

Reduced  more 
than  creosote 
treatment 

ACA 

F , MOR/ $ , p /$, 

and  F /$ 
c 

Reduced  more 
than  creosote 

treatment 

Reduced  more 

CCA  dual  + kiln  drying 

Er  and  F 
f c 

than  with 
air  drying 

continued 
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Table  3.  Continued 


Treatment 

£ 

Properties  Reduced 

Comment 

Fir  Piles  (continued) 

Averaged  CCA  dual  and 

ACA  dual  + kiln  drying 

Ef 

Reduced  more 
than  with 
air  drying 

Reduced  more 

CCA  dual 

MOR,  E,,  and  MOR/$ 

than  ACA  dual 

treatment 

Pine  Piles 

ACA  dual,  CCA  dual, 

ACA,  or  creosote 

MOR 

-- 

ACA  dual,  CCA  dual, 
or  ACA 

Ef 

-- 

ACA  dual  or  CCA  dual 

Mf 

-- 

Creosote,  CCA  or  CCA 
dual 

MOR/$,  Mf,  and  Fc/$ 

-- 

Reduced  more 

CCA  dual 

MOR/$  and  F /$ 

than  creosote 

treatment 

3 

As  a result  of  the  treatment. 

^For  the  treatments  for  which  prices  were  available,  pine  had 
a higher  Fc/$  than  fir. 
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Table  4.  Average  of  Mechanical  Properties  of  Piles3 


Type  of 
Treatment 

No . of 
Test 

Pi  1 es 

Flexural  Properties 

Compressive 

Strength 

F 

(psi) 

MOR 

(psi) 

6Ef 

(10  psi) 



Mf 

(in.-lb/cu  in.) 

Fir 

and  Pine  Equally 

Untreated 

10 

wm 

5.789 

3,308 

Creosote 

10 

IRsii 

3.819 

- 

ACA  dual 

20 

5,418 

1.553 

2.944 

2,935 

CCA  dual 

1.306 

2.888 

2,878 

ACA 

10 

5,577 

1.477 

3.312 

2,824 

Fir 

Untreated 

5 

8,394 

Wm 

6.338 

3,346 

Creosote 

5 

6,862 

wmm 

4.202 

- 

ACA  dual 

10 

6,111 

1.537 

3.059 

2,714 

CCA  dual 

10 

3,844 

1.171 

3.364 

2,333 

ACA 

5 

1.416 

2.078 

2,462 

Pine 

Untreated 

8,007 

1.942 

5.240 

- 

Creosote 

5,950 

- 

- 

- 

ACA  dual 

4,725 

1.568 

2.829 

- 

CCA  dual 

4,167 

1.441 

2.413 

- 

ACA 

5 

5,534 

1.538 

- 

- 

CCA 

5 

5,410 

- 

Values  not  included  are  those  that  did  not  lead  to  significant 
differences,  reported  in  Table  3. 


Appendix 

STATISTICAL  ANALYSIS  OF  DATA 


The  raw  data  stemming  from  the  testing  at  Forest  Products  Laboratory, 
Corvallis,  Ore.,  is  contained  in  Tables  5 and  6.  Perusing  these  tables, 
the  reader  will  note  the  large  variations  among  the  five  replicates 
(quintupl icates  of  common  property  and  common  treatment)  in  most  of  the 
cells.  So,  when  a difference  is  noted  between  the  means  (averages)  of 
two  different  treatments,  how  can  one  be  sure  that  this  difference  was 
caused  by  the  treatment  and  not  by  the  vagaries  of  chance  stemming  from 
the  large  natural  variation  from  pile  to  pile?  The  answer  is  that  one 
cannot  be  sure;  however,  one  can  analyze  the  data,  making  a test  of 
significance,  and  then  refusing  to  draw  a conclusion  unless  one  is  sure 
with  0.95  probability.  In  the  analysis-of-variance  summary  tables  in 
this  Appendix,  one  asterisk  in  the  F column*  means  the  corresponding 
main  treatment  effect  (or  interaction  effect)  is  real  with  0.95  probab- 
ility; two  asterisks,  with  0.99  probability;  and  three  asterisks,  with 
0.999  probability. 

First,  a complete  analysis  of  variance  (Table  7)  will  be  shown  for 
explanation  to  the  reader;  and  then,  to  compress  the  volume  of  ..his 
Appendix,  only  the  results  (the  F column)  for  many  analyses  will  be 
displayed  in  the  several  tables  to  follow.  The  abbreviations  used  in 
these  tables  in  the  Appendix  are: 


Source 

Abbreviation 

Source 

Abbreviation 

Wood 

W 

Treatment 

T 

Chemical 

C 

Interactions 

Drying 

D 

Wood-Chemical 

WC 

Experimental 

EE 

Wood-Drying 

WD 

Error 

Wood -Chemical -Drying 

WCD 

Wood-Treatment 

WT 

Let's  consider  the  effect  on  MOR  due  to  changing  wood  from  pine  to 
fir,  changing  chemical  treatment  from  ACA  and  creosote  to  CCA  and  creo- 
sote, and  changing  the  method  of  intermediate  drying  from  kiln  to  air. 
Forty  piles  were  available  for  this.  Table  7 presents  the  detailed 
analysis. 


*F  (Fisher's  F)  is  a ratio  of  estimated  variances  and  is  used  to  perform 
tests  of  significance  following  an  analysis  of  variance. 
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The  interpretation  is  - with  virtual*  certainty  - that  in  the 
environment  of  equal  numbers  of  fir  and  pine  piles  and  equal  numbers  of 
kiln-  and  air-dried  piles,  CCA  and  creosote  will  reduce  MOR  more  than 
ACA  and  creosote  will.  Further,  there  is  an  additional  interaction 
effect  on  MOR  between  wood  and  chemical  in  that  the  additional  reduction 
caused  by  CCA  is  more  pronounced  for  fir  than  for  pine. 

Table  8 relates  to  the  same  AO  piles  considered  in  Table  7,  but 
relates  to  E , p^,  F , and  Ec  additionally,  omitting  each  analysis  of 
variance  leading  to  £he  computed  F column  shown.  Missing  entries  in 
Table  8 a^e  for  F values  less  than  unity,  where  the  effect,  if  any,  was 
hopelessly  lost  through  experimental  error.  For  the  convenience  of 
those  interested  in  lower  levels  of  significance,  for  Table  8,  the 
probability  levels  and  corresponding  critical  F values  are  listed  as 
follows : 

Probability  Level 

0.70 
0.90 
0.95 
0.99 
0.999 

Any  computed  F value  equal  or  greater  than  the  F associated  with  a given 
probability  passes  the  test  for  that  probability. 

From  Table  8 alone  and  similar  tables  in  this  Appendix,  where 
significant  effects  are  shown  by  asterisks,  it  is  not  possible  to  learn 
which  treatment  caused  the  greater  reduction  in  mechanical  properties, 
but  this  information  was  determined  and  will  be  discussed  later  in  the 
Appendix. 

Thirty-five  pine  piles  were  given  the  same  set  of  seven  treatments 
as  thirty-five  fir  piles.  Data  from  these  70  piles  were  analyzed;  the  F 
results  can  be  found  in  Table  9;  and  their  corresponding  critical  F 
values  are  in  Table  10. 

Much  of  the  treatment  variation  in  Table  9(a)  stems  from  the  pre- 
sence of  10  untreated  piles.  Thus  Table  9(b)  presents  the  F values  when 
10  untreated  piles  were  excluded  from  the  70  piles. 

Table  9(c)  uses  20  piles  to  compare  fir  with  pine  and  creosote  only 
with  2.5  lb/cu  ft  ACA  treatment  only.  The  significant  WT  interaction 
for  p^  is  of  interest:  for  fir,  ACA  reduces  flexure  energy-absorbing 
capacity  more  than  does  creosote;  but  for  pine,  creosote  does  more  harm 
than  ACA. 

Because  kiln  drying  is  disfavored  by  some,  A0  non-kiln-dried  piles 
were  used  in  Table  9(d)  to  compare  four  treatments.  Table  10  shows 
probability  levels  versus  corresponding  critical  F for  Table  9. 


*The  critical  F for  0.999  probability  is  13.16  (from  statistical 
tables)  and  the  computed  F (Table  7)  was  13.69,  even  greater. 


Critical  F Values 


1.11 
2.87 
A. 15 
7.50 
13.2 


1A 


— 


d 


Table  11  presents  computed  F's  for  fir  piles  only.  The  original  35 
fir  piles  represent  seven  different  treatments.  When  the  5 untreated 
fir  piles  are  excluded,  the  remaining  30  piles  represent  six  different 
treatments.  Table  12  shows  the  probability  levels  with  corresponding 
critical  F values  for  the  fir  piles. 

Table  13  presents  computed  F's  for  pine  piles  only.  The  original 

AO  pine  piles  represent  eight  different  treatments.  When  the  5 untreated 

pine  piles  are  removed,  the  remaining  35  piles  represent  seven  treatments. 
Table  14  shows  the  probability  levels  with  corresponding  critical  F 
values  for  Table  13. 

A careful  study  of  the  data  indicates  generally  that  creosote  or 
salt  reduces  the  mechanical  properties  of  piles.  These  treatments  also 
increase  the  cost  of  the  piles.  Available  current  prices  (dollars  per 
foot)  of  pile  are  listed  in  Table  15;  prices  are  based  on  fir  delivery 
to  Port  Hueneme,  Calif.,  and  pine  to  Norfolk,  Va. 

In  order  to  examine  MOR,  p^,  and  Fc  on  a dollar  basis  by  comparison 

of  the  12  possibilities  (for  which  prices  were  available)  listed  in 
Table  15,  data  from  Tables  5 and  6 were  simply  divided  by  the  figures  in 
that  table  to  arrive  at  data  on  the  random  variables  M0R/$,  p^/$,  and 
F /$.  These  data  were  then  analyzed,  and  Table  16  was  developed  from 
tfie  40  piles  available  for  fir  and  pine  comparison,  from  the  35  fir 
piles,  and  from  the  25  pine  piles,  including  and  excluding  untreated 
piles.  Table  17  presents  the  probability  levels  and  critical  F values 
for  Table  16. 

To  this  point,  this  Appendix  has  been  nearly  limited  to  tests  of 
significance,  which  merely  point  to  those  areas  where  conclusions  may  be 
found,  without  spelling  out  any  conclusions.  Needed  now  are  statements 
relative  to  how  much  better  or  poorer  one  class  of  piles  is  than  another. 
Tables  18,  19,  and  20  meet  this  objective. 

Because  much  information  will  be  compressed  into  these  tables,  some 
explanation  of  the  format  and  meaning  may  clarify  their  interpretation. 
First,  the  following  is  a list  of  abbreviations  in  alphabetical  order 
used  in  the  tables: 

A ACA 

a Air-dried 

C CCA 

F Fir 

K Creosote 

k Kiln-dried 

£ Lower  bound  of  0.95  confidence  interval  for  mean  of  R 

M Best  estimate  of  mean  (average)  of  the  random  variable 

P Pine 

R Random  variable  (in  every  case,  this  will  be  the  difference 

between  two  treatment  effects) 

U Untreated 

u Upper  bound  of  0.95  confidence  interval  for  mean  of  R 

The  second  column  of  Tables  18,  19,  and  20  lists  the  particular 
random  variable.  Every  random  variable  listed  is  a difference;  for 
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example,  "K-A,K"  means  the  difference  between  the  random  variables 
associated  with  creosoted  piles  and  the  corresponding  random  variables 
associated  with  ACA  and  creosote-treated  piles  with  equal  numbers  of 
air-  or^kiln-dried.  The  number  of  piles  used  to  obtain  the  entries  in 
the  8,  M,  p columns  appear  in  the  first  column.  For  the  example  given, 
where  both  pine  and  fir  were  used,  the  first  column  will  read  10x20; 
i.e.,  10  creosoted  piles  versus  20  dual-treated  piles.  Reference  to  the 
experimental  design  shows  just  which  piles. 

The  degree  of  confidence  chosen  before  drawing  a conclusion  (finding) 
is  with  probability  0.95.  If  one  continued  this  philosophy,  in  the  long 
run  less  than  5%  of  the  conclusions  will  be  fallacious.  An  entry  in  the 
M column  is  the  best  estimate  of  the  difference  of  the  average  of  a very 
large  number  of  piles  treated  in  one  manner  minus  the  average  of  a very 
large  number  treated  in  a second  manner.  Even  though  the  entry  is  the 
best  estimate,  it  is  a very  poor  estimate.  To  see  how  poor,  one  can 
observe  the  width  of  the  interval  from  8 to  p.  The  probability  that 
truth  lies  someplace  between  8 entry  and  p entry  is  0.95.  Thus,  if  one 
abides  by  this  philosophy,  a conclusion  will  not  be  drawn  when  the  8 and 
p entries  are  of  opposite  algebraic  sign.  For  example,  for  Douglas  fir 
piles  and  for  pf  (flexural  energy-absorbing  capacity  in  pound-inches  per 
cubic  inch),  2.5  lb  ACA/cu  ft  of  sapwood  will  reduce  p^.  more  than  standard 
creosote  treatment.  Exactly  how  much  more  reduction  would  be  experienced 
on  the  average  from  a very  large  number  of  each  kind  of  pile  is  unknown. 
The  best  estimate  is  2.1  in.-lb/cu  in.  With  0.95  probability,  the  truth 
lies  somewhere  between  0.4  and  3.9. 
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(continued) 


Table  7.  Analysis-of-Variance  Summary  for  MOR 


Source 

Degrees 

of 

Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

W 

1 

2824922 

2824922 

1.95 

C 

1 

19951562 

19951562 

13.69*** 

D 

1 

3312002 

3312002 

2.29 

WC 

1 

7301705 

7301705 

5.05* 

WD 

1 

6502 

6502 

CD 

1 

366734 

366734 

WCD 

1 

36416 

36416 

EE 

32 

46328912 

1447778 

TOTAL 

39 

Table  8.  F Values  From  Analyses  of  Variance 


Source 

Degrees 

of 

Freedom 

F 

MOR3 

Ef 

■a 

F 

c 

E 

c 

W 

1 

1.95 

3.32 

2.21 

28 . 00*** 

26.74*** 

c 

1 

13.69*** 

8 . 90** 

D 

1 

2.29 

1.23 

1.68 

1.11 

WC 

1 

5.05* 

2.09 

5.03* 

1.51 

WD 

1 

3.96 

2.07 

1.67 

1 

2.61 

2.58 

1 

4.65* 

1.43 

EE 

32 

TOTAL 

39 

£ 

Repeated  from  Table  7. 


Tabic  9.  Computed  !■'  Values  From  Analyses  of  Variance 


Source 

DOF 

F 

MOR 

Kf 

"f 

F 

c 

Ec 

(a)  70  Piles  (35  Fir, 

35  Pine) 

W 

1 

■mu 

2.98 

29.4*** 

BBS 

T 

6 

5.98* 

4.72* 

3.06* 

WT 

6 

mgm 

1.17 

1.60 

3.57** 

F.F. 

56 

Total 

69 

■■■ 

(b)  60  Piles, 

10  Untreated  Piles  Fxcludcd 

W 

1 

4.15* 

1.59 

31.0*** 

T 

5 

3.15* 

1.41 

1.38 

WT 

5 

1.68 

2.37 

1.56 

Total 

59 

J 

(c)  20  Piles  (Comparison 

of  Pine  With  Fir  and  Creosote  Only  With 

2.5  Ib/cu  ft  ACA  Treatment  Only) 

W 

1 

1.05 

1.36 

10.48** 

4.83* 

mm 

1 

2.90 

2.19 

1 1.09** 

5.99* 

1 

4.92* 

2.00 

19 

(d)  40  Piles  (Comparison  of  Four  Treatments:  Creosote 

Only;  Creosote, 

Air  Dry,  ACA;  Creosote,  Air  Dry,  CCA;  and  ACA  Only) 

w 

1 

1.78 

18.1*** 

16.6*** 

mm 

3 

4.40* 

2.88 

3.41* 

2.85 

3 

1.07 

3.79* 

mu 

32 

39 

Table  10.  Probability  Levels  Versus  Critical  F Values  for  Table  9 


Probability 

Level 

Critical  F Values 

(a)  70  Piles" 

(b)  60  Piles" 

(c)  W" 

(d)  40  Piles" 

W 

T and 

WT 

W 

T and 

WT 

W 

Tand 

WT 

0.70 

1.09 

1.24 

1.10 

1.25 

1.15 

1.11 

1.26 

0.90 

1.88 

2.82 

1.98 

3.05 

2.87 

2.27 

0.95 

2.26 

4.04 

2.41 

4.49 

4.15 

2.90 

0.99 

7.1 1 

3.14 

7.19 

3.43 

8.53 

7.50 

4.46 

0.999 

12.1 

4.40 

12.3 

4.95 

16.1 

13.2 

7.05 

" (a),  (b),  (c),  and  (d)  refer  to  Table  9. 
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Table  11.  Computed  F Values  From  Analyses  of  Variance 


Source 

Degrees 

of 

Freedom 

F 

MOR 

Ef 

mm 

F 

c 

E 

c 

(a) 

35  Fir  Piles 

T 

6 

12.23*** 

8 . 59*** 

5 . 63*** 

5 . 30*** 

1.91 

EE 

28 

TOTAL 

34 

(b)  Fir  Piles,  Untreated  Piles  Excluded 

T 

5 

7.61*** 

5 . 32*** 

2.33 

4 . 35** 

2.13 

EE 

24 

TOTAL 

29 

Table  12.  Probability  Levels  Versus  Critical  F Values  for  Table  11 


Probability 

Level 

Critical 

F Values 

35  piles 

30  Piles3 

0.70 

1.28 

1.29 

0.90 

2.00 

2.10 

0.95 

2.45 

2.62 

0.99 

3.53 

3.90 

0.999 

5.24 

5.98 

£ 

Five  untreated  piles  excluded. 


25 


Table  13.  Computed  F Values  From  Analysis  of  Variance 


Source 

Degrees 

of 

Freedom 

F 

MOR 

Ef 

wm 

F 

c 

E 

c 

(a)  40 

Pine  Piles 

T 

7 

3.17* 

1.54 

1.63 

1.29 

1.28 

EE 

32 

TOTAL 

39 

(b)  Pine  Piles,  Untreated  Piles  Excluded 

T 

6 

1.31 

1.28 

1.67 

EE 

28 

TOTAL 

34 

Table  14.  Probability  Levels  Versus  Critical  F Values 
for  Table  13 


Probability 

Level 

Critical 

F Values 

40  piles 

35  piles3 

0.70 

1.27 

1.28 

0.90 

1.92 

2.00 

0.95 

2.31 

0.99 

3.26 

£ 

Five  untreated  piles  excluded. 
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Table  15.  Cost  of  Fir  and  Pine  Piles 


Treatment 

Cost 

, $/ft 

Fir 

Pine 

Untreated 

4.25 

4.40 

Creosote 

5.50 

5.50 

Creosote,  air-dried,  ACA 

6.78 

- 

Creosote,  kiln-dried,  ACA 

6.78 

- 

Creosote,  air-dried,  CCA 

6.50 

6.50 

Creosote,  kiln-dried,  CCA 

6.50 

6.50 

ACA 

6.27 

- 

CCA 

- 

6.80 

Table  16.  Computed  F Values  From  Analyses  of  Varianee 


Source 

DOF 

F° 

MOR/S 

#if/$ 

Fc/$ 

(a)  40  Piles  for  Comparison  of  Fir  and  Pine  Piles 

W 

1 

K9| 

10.9** 

EH 

3 

126.5*** 

mm 

36.4*** 

3 

■ 

5.49 

32 

39 

i 

(b)  30  Piles  (10  Untreated  Piles  Excluded  From  Item  (a)  Above) 


w 

1 

PR 

2.39 

T 

2 

4.42* 

WT 

2 

EE 

24 

Total 

29 

(e)  35  Fir  Piles 

T 

6 

36.9*** 

13.5*** 

21.5*** 

E 

28 

Total 

34 

(d)  30  Fir  Piles  (5  Untreated  Piles  Excluded  From  Item  (c)  Above) 

T 

5 

11.5*** 

3.20* 

8.41*** 

EE 

24 

Total 

29 

(e)  25  Pine  Piles 

T 

■9 

10.5*** 

3.81* 

6.58** 

EE 

mm 

Total 

24 

(f)  20  Pine  Piles  (5  Untreated  Piles  Excluded  From  Item  (e)  Above) 

mm 

3 

4.52* 

1.31 

3.37* 

16 

19 

0 * indicates  at  least  0.95  probability;  **,  0.99  probability;  ***,  0.999 
probability. 


Table  17.  Probability  Levels  Versus  Critical  F Values  for  Table  16 


Critical  F Values 


Probability 

Level 

(a)  40  Piles0 

(b)  30  Piles0 

(f)  20  Pine  Piles" 

W 

T and 

WT 

W 

T and 

WT 

0.70 

1.11 

1.11 

1.12 

m 

1.33 

2.87 

2.27 

2.93 

0.95 

4.15 

2.90 

4.26 

0.99 

7.50 

4.46 

7.82 

5.61 

0.999 

13.2 

6.96 

14.0 

9.34 

1 (a),  (b),  (f)  refer  to  Items  (a),  (b),  and  (f)  of  Table  16. 

28 


Tabic  18.  Best  Estimates  and  0.95  Confidence  Bounds,  Fir  and  Pine  Piles  Equally  Represented 


10x10  U K 499  757  1014  0.3098  0.6468  0.9836  83  158  232 

10x10  U - C,a,K  988  1246  1504  0.4708  0.8077  1.1446  218  293  368 

10x10  U — C,k,K  1106  1364  1622  0.6488  0.9857  1.3226  277  352  427 

10x20  K-C.K  325  548  772  -0.0418  0.2500  0.5417  100  165  230 

10x10  C,a,K  — C,k,K  -140  118  376  -0.1589  0.1780  0.5U9  -16  59  134 


Tabic  19.  Best  Estimates  and  0.95  Confidence  Bounds,  Fir  Piles 
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Table  20.  Best  Estimates  and  0.95  Confidence  Bounds,  Pine  Piles 
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NAVFDUTRACFN  Pngr  Dcpl  (Code  47)  Newport.  Rl 
NAVPNVIRHI.FHCPN  CO.  Cincinnati.  OH 
NAVPODFAC  Cixle  604.  Indian  Head  MD 
NAVI  AC  PWO.  I ewes  DP 

NAVPACPNC.COM  Code  044  Alexandria.  V A:  C ixle  044  Alexandria.  V A:  Cixle  0441  Alexandria.  VA;  Cixle  0444 (D. 
Potter)  Alexandria.  VA;  C ixle  0444B  Alexandria.  Va;  Code  046;  Code  0461 D (V  M Spaulding)  Alexandria.  VA: 

C ixle  04B4  Alexandria.  VA:  Code  04B4  Alexandria.  VA:  Cixle  101  Alexandria.  V A:  Cixle  10144  (J.  I.eimanis) 
Alexandria.  V A:  Code  1074  ( M . Carr)  Alexandria.  VA;  Code  1074  (T.  Stevens)  Alexandria.  V A:  Code  104 
Alexandria.  VA;  Code  7014  (Mr.  Taam).  Pearl  Harbor  111;  Morrison  Yap.  Caroline  Is.;  P W Brewer  Alexandria. 
VA;  PC-77  (F.  Spencer)  Alexandria.  VA;  PL  -7  Ponce  P R Alexandria.  VA 
NAVI  ACPNC.COM  - CHFS  DIV.  Cixle  101  Wash.  IX';  Cixle  404  (H.  DeVoe)  Wash.  IX':  Code  404  Wash.  IX'; 

Contracts.  ROICC.  Annapolis  MD:  Scheesselc.  Code  407.  Wash.  DC 
NAVFACFNGCOM  - LA  NT  DIV.;  Cixle  I0A.  Norfolk  VA:  Cixle  III.  Norfolk.  VA:  Pur.  HR  Deputy  Dir.  Naples 
Italy;  NAS  Norfolk.  VA:  RDT&El.O 09P7.  Norfolk  V A 
NAVFACFNGCOM  - NORTH  DIV.  AROICC.  Brooklyn  NY:  CO;  Code  (NPtLCDR  A.J.  Stewart):  Code  1078. 

RD’I  &PI.O.  Philadelphia  PA;  Code  1 1 1 (Castranovo)  Philadelphia.  PA;  Cixle  1 14  (A  Rhoads);  Design  Div.  (R. 
Masino).  Philadelphia  PA;  ROICC.  Contracts.  Crane  IN 

NAV  FACFNGCOM  - PAC  DIV  . Code  (NlXi  (Donovan).  Pearl  Harbor.  HI;  Cixle  407.  RDT&F.  Pearl  Harbor  III; 
Commander.  Pearl  Harho1  HI 

NAVFACFNGCOM  - SOU  I H DIV  . Cixle  00.  RDT&EL.O.  Charleston  SC:  Dir..  New  Orleans  l A;  ROICCtl.CDR  R. 
Moeller).  Contracts.  Corpus  Christi  TX 
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NAVEACENC.COM  WEST  l)IV.  102;  112:  AROICC.  Contracts.  Twenlynine  Palms  CA:  Code  04B:  (WP/20: 
RDT&ELO  Code  201 1 San  Bruno.  CA 

NAVEACENGCOM  CONTRACT  AROICC.  Poinl  Mugu  CA;  AROICC.  Quanlico.  VA:  Code  05.  I RIDEN  I . 

Bremerton  W A:  Dir.  Eng.  Div..  F.xmoulh.  Australia:  Eng  Div  dir.  Southwest  Pae.  Manila.  PI:  OUT.  Southwest 
Pae.  Manila.  PI:  OICC/ROICC.  Balhoa  Canal  /one:  ROICC  (Ervin)  Puget  Sound  Naval  Shipyard.  Bremerton.  W A; 
ROICClI.CDR  J G.  l eech).  Subic  Bay.  R.P.:  ROUT  A E Guam:  ROUT  I ANT  DIV..  Norfolk  VA:  ROUT  off 
Point  Mugu.  CA:  ROICC.  Diego  Garcia  Island:  ROICC.  Keflavik.  Iceland;  ROICC.  Pacific.  San  Bruno  CA 
NAVHOSPl.l  R.  Elsbernd.  Puerto  Rico 
NAVMACi  SCI:.  Guam 
NAVMIROOIC.  Philadelphia  PA 

NAVNUPW  Rl  MUSE  DET  Code  NPU-30  Port  Hueneme.  CA 

NAVOCEANO  Code  IMHI  Bay  St.  Louis.  MS:  C»<de  5432  (J.  IX- Palma).  Bay  St.  Louis  MS 

NAVOCEANSYSCEN  Code  52  (H.  Talkington)  San  Diego  CA:  Code  5224  (R. Jones)  San  Diego  CA:  Code  6565  ( lech. 
1 jb. ).  San  Diego  CA:  Code  h70(),  San  Diego.  CA:  Code  7511  (PWO)  San  Diego.  CA:  SCE  (Code  bMHIt.  San  Diego 
CA 

NAVORDSTA  PWO.  Louisville  KY 
NAVPETOEE Code  30.  Alexandria  VA 
NAVPGSCOI.  LCDR  K.C.  Kelley  Monterey  CA 

NAVPHIBASE  CO.  ACB  2 Norfolk.  VA:  Cixle  S3T.  Norfolk  VA;  Harbor  Clearance  Unit  Two.  Little  Creek.  VA; 

OIC.  I TT  ONE  Norfolk.  Va 
NAVRADRECEAC  PWO.  Kami  Seya  Japan 

NAVREGMI  IX  EN  Chief  of  Police.  Camp  Pendleton  CA:  Code  3041.  Memphis.  Millington  I N:  PW  O Newport  Rl; 
PWO  Portsmouth.  VA:  SCE  (D.  Kaye):  SCE  (LCDR  B.  E.  Thurston).  San  Diego  CA;  SCE.  Camp  Pendleton  CA: 
SCE,  Guam 

NAVSCOI  CECOEE  C35  Port  Hueneme.  CA;  CO.  Code  C44A  Port  Hueneme.  CA 
NAVSEASYSCOM  Code  OOC  (IT  R.  MacDougall.  W ashington  DC:  Code  SEA  (XX  Washington.  DC 
NAVSEC  Code  6034  (Library  ).  Washington  DC 

NAVSECGRUACr  Eacil.  Off..  C.aleta  Is.  Canal  /one:  PWO.  Ed/ell  Scotland:  PWO.  Puerto  Rico;  PWO.  Torri  Sla. 
Okinawa 

NAYSH1PREPEAC  Library  . Guam:  SCE  Subic  Bay 

NAVSHIPYO.  CO  Marine  Barracks.  Norfolk.  Portsmouth  VA:  Code  202.4.  Long  Beach  CA:  Code  202.5  (Library) 
Puget  Sound.  Bremerton  W’A:  Cixle  380.  (Woodruff)  Norfolk.  Portsmouth.  VA;  Cixle  400.  Puget  Sound;  Cixle 
400.03  Long  Beach.  CA:  Code  404  (l.T  J.  Riecio).  Norfolk.  Portsmouth  VA;  Code  410.  Mare  Is..  Vallejo  CA:  Cixle 
440  Portsmouth  N H : Cixle  440.  Norfol k : Cixle  440.  Puget  Sound . Bremerton  W A:  (.  ixle  440.4.  ( harleston  SC  ; 

Cixle  450.  Charleston  SC;  Cixle  453 (Util.  Supr).  Vallejo  CA:  I D.  Vivian;  Library  . Portsmouth  NH:  PWDlCodc 
4(H)).  Philadelphia  PA:  PWO.  Marc  Is.:  PWO.  Puget  Sound;  SCE.  Pearl  Harbor  HI;  Tech  Library.  Vallejo.  CA 
NAVSTA  CO  Naval  Station.  May  port  EL:  CO  Roosevelt  Roads  I’  R Puerto  Rico:  Engl  . Dir..  Rota  Spain;  Maim. 
Corn.  Div..  Guantanamo  Bay  Cuba:  Maint.  Div.  Dir/Cixle  531.  Rodman  Canal  /.one;  PW’D  (L1JG.P.M. 

Motolenich).  Puerto  Rico;  PWO  Midway  Island;  PWO. Guantanamo  Bay  Cuba:  PWO.  Keflavik  Iceland:  PWO. 

May  port  EL:  ROICC  Rota  Spain:  ROICC.  Rota  Spain:  SCE.  Guam:  SCE.  San  Diego  CA;  SCE.  Subic  Bay.  R.P.; 
Utilities  EngrOff.  (LTJG  A.S.  Ritchie).  Rota  Spain 
NAVSUBASE  ENS  S.  Dove.  Groton.  CT:  LTJG  D.W.  Peck.  Groton.  CT:  SCE.  Pearl  Harbor  HI 
NAVSUBSCOL  L IT  . A Nelson  Groton.  CT 

NAVSU  PPACT  CO.  Brooklyn  NY:  CO.  Seattle  W A:  Code  4.  12  Marine  Corps  Disl.  Treasure  Is..  San  Francisco  CA: 
Cixle  413.  Seattle  W A:  Engr.  Div.  <E.  Mollica).  Naples  Italy  : LTJG  McGarrnh.  Vallejo  CA;  Plan/Engr  Div..  Naples 
Italy 

NAVSU REWPNCEN  PWO.  White  Oak.  Silver  Spring.  MD 
NAVI  IT  HTRACEN  SCE.  Pensacola  EL 

NAVW  PNCEN  Cixle  263*  (W.  Bonner).  China  Lake  CA:  PWO  (Code  26).  China  Lake  CA:  ROICC  (Code  702).  China 
1 ake  CA 

NAVW  PNSTA  EARLE  (Clehak)  Colts  Neck.  NJ;  Code  (»2.  Colts  Neck  NJ;  Code  (N2A  (C.  Fredericks)  Seal  Beach 
CA:  ENSG.A.  Lowry.  Eallbrook  CA;  Maint.  Control  Dir..  Yorktown  VA;  PW  Office  (Cixle  (NCI ) Yorktown.  VA 
NAVW  PNSUPPCEN  Code  09  Crane  IN 
NAVXDIVINGU  I T A M.  Parisi.  Panama  City  FI. 

NCBU  405  OIC.  San  Diego,  CA 

NCBCCEL  AOIC  Port  Hueneme  CA:  Cixle  10  Davisvillc.  Rl:  Cixle  155.  Port  Hueneme  CA;  Cixle  156.  Port  Hueneme. 

CA:  Code  4(H).  Gulfport  MS:  PW  Engrg.  Gulfport  MS;  PWO  (Cixle  80)  Port  Hueneme.  CA:  PWO.  Davisville  Rl 
NCBl-  411  OIC.  Norfolk  VA 
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NCR  20.  Commander 

NCSO  BAHRAIN  Security  Offr.  Bahrain 

NMCB  133 ( E N S I VS  . Nielsen):  5.  Operations  Dept.:  74.  CO:  Kony.  CO:  THREE.  Operations  Off. 

NOAA  l.ihrarym  Rockville.  MD 

NORDA  Code  440  (Ocean  Rsch  Off)  Bay  St.  Louis  MS 

NRL  Code  WOO (J . Walsh).  Washington  DC:  Code  8441  (R.A.  Skop).  Washington  IX' 

NSC  Code  54.1  (Wynne).  Norfolk  VA 

NSD  SCE.  Subic  Bay.  R.P.:  Security  Offr.  Yokosuka.  Japan 

N IC  Code  54  ( LNS  P.  G.  Jackel).  Orlando  FI.:  Commander  Orlando.  FI.:  OICC.  CBU-401.  Great  Lakes  11. 

Nl  SC  Code  131  New  London.  CT;  Code  EAI23  (R.S.  Munn).  New  London  CT:  Code  TAI31  (Ci.  De  la  Cru/).  New 
I ondon  CT 

OCEANSYSl.ANT  I T A.R.  Giancola.  Norfolk  VA 

OFFICE  SECRET  ARY  OF  DEFENSE  OASD  (MRA&I.)  Pentagon  (T.  Casberg).  Washington.  DC 
ONR  BROKE.  CO  Boston  MA:  Code  700K  Arlington  VA:  Dr.  A.  Laufer.  Pasadena  CA 
PHIBCB  I P&E.  Coronado.  CA 

PM  I'C  Code  4253-3.  Point  Mugu.  CA:  Pat.  Counsel.  Point  Mugu  CA 

PWC  ACE  Office  (LTJG  St.  Germain)  Norfolk  VA:  CO  Norfolk.  VA;  CO.  Great  Lakes  IL:  Code  120.  Oakland  CA: 
Code  I20C  (Library)  San  Diego.  CA:  Code  128.  Guam;  Code  200.  Great  Lakes  IL;  Code  200.  Guam:  Code  2(8). 
Oakland  CA:  Code  220  Oakland.  CA:  Code  220. 1 . Norfolk  VA;  Code  40  (C.  Kolton)  Pensacola.  FL:  Code  400. 
Pearl  Harbor.  HI:  Code  42B  ( R.  Pascua).  Pearl  Harbor  HI:  Code  505 A (H.  W heeler);  Code  f>8().  San  Diego  C'A: 
Library . Subic  Bay.  R.P.;  OIC  CRU-405.  San  Diego  CA;  Utilities  Officer.  Guam;  XO  Oakland.  CA 
SPCC  Code  I22B.  Mechanicsburg.  PA:  PW  C)  (Code  120)  Mechanicsburg  PA 
UCTTWOOIC.  Port  HuenemeCA 

I S.  MERCHANT  MARINE  ACADEMY  Kings  Point.  NY  (Reprint  Custodian) 

LS  DEPT  OF  AGRIC  Forest  Products  Lab.  Madison  W I;  Forest  Products  Lab.  (R.  DeGroot).  Madison  W I 
I S DEPT  OF  INTERIOR  Bureau  of  Land  MNGMNT  - Code  733  (T.E.  Sullivan)  Wash.  IX' 

US  GEOLOGICAL  SURVEY  Off.  Marine  Geology  . Piteleki.  Reston  VA 

USAF  SCHCXH.  OF  AEROSPACE:  MEDICINE  Hyperbaric  Medicine  Div.  Brooks  AFB.  IX 

USCG  (G-FCV)  Washington  De;  (G-ECV/61 ) (Burkhart)  Washington.  IX':  G-EOE-4/61  (T.  Dowd).  W ashington  IX' 

LSCG  ACADEMY  IT  N.  Stramandi.  New  London  CT 

use  (i  R&D  CENTER  Tech.  Dir.  Groton.  CT 

LSNA  Ch.  Mech.  Engr.  IX'pt  Annapolis  MD:  Ocean  Sys.  Eng  Dept  (Dr.  Monney)  Annapolis.  MD:  PWD  Engl.  Div. 

(C.  Bradford)  Annapolis  MD:  PWO  Annapolis  MD 
AMERICAN  CONCRETE  INSTITUTE  IX-troit  Ml  (library) 

CALIF.  DEPT  OF  NAVIGATION  A OCE  AN  DE  V.  Sacramento.  CA  (Ci . Armstrong) 

CALIF.  MARITIME  ACADEMY  Vallejo.  CA  (Library  ) 

CALIFORNIA  STATE  UNIVERSITY  LONG  BE  ACH.  CA  (CHFI.APATI) 

CORNELL  UNIVERSITY  Ithaca  NY  (Serials  IX-pt.  Engr  I ib.l 
DAMES  A M(K)RE  LIBRARY  LOS  ANGFI  I S.  CA 
DUKE  t NIV  MEDIC  Al  C ENTER  B Muga.  Durham  NC 

FLORIDA  ATLANTIC  UNIVERSITY  BOCA  RATON.  El  iMC  Al  I ISTER):  Boca  Raton  FL  (Ocean  Engr  Dept..  C. 
Lin) 

FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton  El  ,W  lessinl 
FI  ORIDA TECHNOLOGICAL  UNIVERSITY  ORI  ANIX).  FL  (HARTMAN) 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  Atlanta  GA  (School  of  Civil  Engr..  Kahn) 

ILLINOIS  STATE  GEO.  SURVEY  Urhana  II 

INSTITUTE  OF  MARINE  SCIENCES  Morehead  City  NC  (Director) 

IOW  A STATE  UNIVERSITY  Ames  IA  (CE  Dept.  Handy) 

LEHIGH  UNIVERSITY  BE  I HI  EHF.M.  PA  (MARINE  GEOTECHNICAL  LAB  . RICHARDS):  Bethlehem  PA 
(Frit/  Engr.  Lab  No.  13.  Beedle);  Bethlehem  PA  (Linderman  Lib.  No. 30.  Flecksteincrl 
LIBRARY  OF  CONGRESS  W ASHINGTON.  DC' (SCIENCES  & TECH  DIV) 

MAINE  MARITIME  ACADEMY  (Wyman)  Casline  ME;  CASTINE.  ME  (LIBRARY) 

MIC  HIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton.  Ml  (Haas) 

MIT  Cambridge  MA:  Cambridge  M A (Rm  10-500.  Tech.  Reports.  Engr.  l ib.):  Cambridge  MA  (Whitman) 

NATL  ACADEMY  OF  ENG.  ALEXANDRIA.  VA  (SEARLE.  JR.) 

NEW  MEXICO  SOLAR  ENERGY  INST.  Dr.  Zwibel  Las  Cruces  NM 
NY  CITY  COMMUNITY  COLLEGE  BROOKLYN.  NY  (LIBRARY) 

UNIV.  NOTRE  DAME  Kalona.  Notre  Dume.  IN 
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OREGON  STATE  INIV  ERSITY  (C  l Dept  (.race)  Corvallis.  OR;  CORVALLIS.  OR  (CE  DFPT.  HICKS);  Corvalis 
OR  (School  of  Oceanography) 

PENNSYLVANIA  STATE  UNIVI  RSI I Y SI  ATE  COLLEGE.  PA  (SNYDER);  UNIVERSITY  PARK.  PA 
(GO I Ol  SKI) 

PURDUE  UNIVERSITY  Lafayette  IN  (Leonards):  Lafayette.  IN  (Altschaeffl),  Lafayette.  IN  (CE  Engr.  Lib) 
CONNECTICUT  Hartford  CT  (Dept  of  Plan.  & Energy  Policy) 

SAN  DIEGO  STATE  UNIV.  I.  Noorany  San  Diego.  CA;  Dr.  Krishnamoorthy.  San  Diego  C'A 

SCRIPPS  INSTITUTE  OE  OCEANOGRAPHY  I.A  JOLLA.  CA  (ADAMS);  San  Diego.  CA  (Marina  Phy . Lab.  Spiess) 
SE  ATTLE  U Prof  Schwaegler  Seattle  WA 

SOUTHW  EST  RSCH  INST  King.  San  Antonio.  I X:  R.  DeHart.  San  Antonio  TX 

STAN  LORD  UNIVERSITY  Engr  Lib.  Stanford  CA:  STANFORD.  CA  (DOUGLAS);  Stanford  C'A  (Gene) 

STATE  UNIV.  OE  NEW  YORK  Buffalo.  NY 

TEXAS  A&M  UNIVERSITY  W B Ledbetter  College  Station.  TX:  College  Station  TX  (CE  Dept.  Herbicht 
UNIVERSITY  OE  CALIFORNIA  BERKELEY.  CA  (CE  DEPT.  GERWICK):  Berkeley  CA  (B.  Bresler):  Berkeley  CA 
(Dept  of  Naval  Arch.):  Berkeley  CA  (E.  Pearson):  Berkeley  CA  (R.  Williamson):  DAVIS.  CA  (CE  DEFT. 
TAYLOR):  LIVERMORE.  CA  (LAW  RENCE  LIVERMORE  LAB.  TOKARZ);  M.  Duncan.  Berkeley  CA 
UNIVERSITY  OE  DELAWARE  Newark.  DE  (Dept  of  Civil  Engineering.  Chesson) 

UNIVERSITY  OE  HAW  All  HONOLULU.  HI  (SCIENCE  AND  TECH.  DIV):  Honolulu  HI  (Dr.  S/ilard) 
UNIVERSITY  OE  II  LINOIS  Metz  Ref  Rin.  Urbana  IE:  URBANA.  II.  i DAVISSON):  URBANA.  11  (I  IBRARY): 

URBANA.  II  (NEW  ARK):  Urbana  II  (CE  [Xpt.  W.  Gamble) 

UNIVERSI'I  Y OF  M ASSACHUSETTS  (Heronemus).  Amherst  MA  CE  Dept 

UNIVERSITY  OE  MICHIGAN  Ann  Arbor  Ml  (Richard 

UNIVERSITY  OE  NEBRASKA-l.INCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Pro.j.) 

UNIVERSITY  OF  NEW  MEXICO  J Nielson- Engr  Mails  & Civil  Sys  Div.  Albuquerque  NM 

UNIVERSITY  OE  PENNSYLVANIA  PHILADELPHIA,  PA  (SCHOOL  OF  ENGR  & APPLIED  SCIENCE.  ROLL) 

UNIVERSITY  OF  TEXAS  Inst . Marine  Sci  (Library  ).  Port  Arkansas  TX 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  TX  (THOMPSON):  Austin.  I X (Breen) 

UNIVERSITY  OE  W ASHINGTON  Dept  of  Civil  Engr  (Dr.  Mattock).  Seattle  W A;  SEATTLE.  W A (MERCHANT): 

SEATTLE.  WA  (OCEAN  ENG  RSCH  1AB.  GRAY):  Seattle  VVA(E.  Linger) 

UNIVERSITY  OF  W ISCONSIN  Milwaukee  W I (Ctr  of  Great  I akes  Studies) 

I RS  RESEARCH  CO.  I IBRARY  SAN  MATEO.  CA 
VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA  (Library) 

ALFRED  A.  YEE  & ASSOC.  Honolulu  HI 
AMETEK  Offshore  Res.  I ngr  Di\ 

APPLIED  TECH  COUNCIL  R Scholl.  Palo  AltoCA 

ARVID  GRANT  OLYMPIA.  W A 

ATI  ANTIC  RICH FT  El  D CO.  DAI  LAS.  TX  (SMI  IHl 

AUSTRALIA  IX-pl.  PW  ( A Hicks).  Melbourne 

BECHTEL  CORP.  SAN  FRANCISCO.  CA(PHE1  PSl 

BELGIUM  HAECON.  N.V  .Gent 

BETHI  EHEM  STEEL  CO.  Disnnikc.  Bethelehem.  PA 

BOl  W KAMPINC  Berkeley 

BROW  N & CAI  DW  El  I I M Saunders  Walnut  Creek.  CA 
BROW  N & ROOT  Houston  TX  (D.  W ard) 

CANADA  Can- Dive  Services  il  nglishi  North  Vancouver:  Mem  Umv  New  foundland  (Chan ).  St  Johns;  Nova  Scotia 
Rsch  Found.  Corp.  Dartmouth.  Nova  Scotia;  Surveyor.  Nenninger  & Chenevcit  Inc..  Montreal 
CE  BRAUN  CO  Du  Bouchet.  Murray  Hill.  N.I 
CHEMEDCORP  Lake  Zurich  II  (Dearborn  t hem.  Div. I.ib.) 

CHEVRON  OIL  FI E I D RESEARCH  CO.  I A HABRA.  CA  (BROOKS) 

COLUMBIA  GULL  TRANSMISSION  CO.  HOUSTON.  TX  (ENG.  I IB.) 

CONCRETE  TECHNOI  OGY  CORP.  TACOMA.  W A (ANDERSON) 

CONRAD  ASSOC.  Van  Nuyv  CA  (A.  Luisoni) 

DILLINGHAM  PRECAST  F.  MeHalc.  Honolulu  HI 
DRAVO  CORP  Pittsburgh  PA  (Giannino):  Pittsburgh  PA  (Wright) 

DURI.ACH.  O'NEAL.  JENKINS  & ASSOC.  Columbia  SC 
NORWAY  Dir  NORSKI  VERITAS  (Library).  Oslo 
EVALUATION  ASSOC.  INC  KING  OE  PRUSSIA.  PA  (FEDELE) 

FORD.  BACON  & DAVIS.  INC.  New  York  (Library ) 
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FRANCE  1 V.  Dutcrtre.  Boulogne:  I Plishin.  Pitri'-:  I’.  Jensen.  Houlo.  ne.  Kogei  1 .i(  ioiv.  '.in 
(iENKKAI.  DYNAMIC  S I- Ice.  Bool  Div  . I muon.  I ngi  (H.  Wallm.ini  Groton  l i 
GEOTECHNICAL  ENGINEERS  INC.  W mchcsler . M A ( Paulding I 
GL1DDEN  CO.  STRONGSVU  I E.  OH  (RSCH  I IB) 

GOULD  INC'.  Shady  Side  Ml>  iChcs.  lost  On  . W Paul) 

CiRUMMAN  AEROSPACE  CORP  Belhpagc  NV  ( lech.  Info  C l ) 

II Al  I Y A ALDRICH.  INC  Cambridge  MA  (Aldrich.  Jr  ) 

HON  I A AC  111.  INC  . Minneapolis  MN  (Residential  I ngr  I ib.t 
HUGHES  AIRC'RAKI  Culver  City  CA  (Tech.  Doc.  C ut 

0 Al  Y M Caironi.  Milan:  Sergio  Hiltoni  Milano:  lorinotl  l evil 
MAKAI  (H  I AN  ENGRNG  INC  Kailua.  HI 

JAMES  CO.  R.  Ciirdlcy.  Orlando  EL 

KENNETH  TATOR  ASStK  CORAOPOl  IS  PAll  IBRARA 

KOREA  Korea  Rsch  Inst  Ship  A:  Ocean  (B.  ( bon.  Seoul 

1 AMONT-DOHERTY  GEOl.tHilCAL  OBSERA  Palisades  VY  tSelwvm 

I ( K.KHI  I I)  MISSILES  A SPACE  CO.  INC  Mgr  Naval  Arch  A M.u  I ng  Sunnyvale  ( A Sun-. vale  C \ 
(RynewKV);  Sunnyvale.  CA  (Phillips) 

ICK  KHIT  OOCT  AN  I ABORAIORA  San  Diego.  C A (Springer) 

MARATHON  Oil  CO  Houston  TX  (C  Seay) 

MARINE  CONCRETE  SIRCCTI  RES  INC  MEEAIRIE.  I A ( INC  iR  AH  AM) 

MC'OONNI  I AIRCRAE1  CO.  IX-pt  '1*1  (R.H  Eayman).  Si  I ouis  MO 
MIUAI  I A ASSOC.  INC  J I C i A IT  EY  II  SANTA  ANA.  CA 
MEXICO  R.  Cardenas 

MOBII  PIPE  I INI  CO  DAI  I AS.  TX  MGR  OE  I NGR  (NOACK) 

Ml  I SI  R.  Rl  II  I IX. I AM  NIWOEfH  AND  lOiiSSION  Nl  AA  YORKlRIC  HARDS) 

Nl  AA  /.I  Al  AND  New  Zealand  Concrete  Research  Assoc  ( l ibrarian!.  Porirua 
NEAA  PORT  NI  VAS  SHIPB!  IX,  A ORYIXX  K CO  Newport  News  V A (Tech  I ib.i 

NORW  AY  DC  I NORSK!  V I Rl  I AS  (Roreni  Oslo.  I.  Eoss.  Oslo.  J.  Creed.  Ski:  Norwegian  Tech  l niv  (Brandi/aegl. 
Trondheim 

( H'E AN  RESOLRCE  I NC.  INC.  HOI  SION,  IX  (ANDERSON) 

PACT ITC  MARINE  TECHNOI  OGY  I ong  Beach.  CA  (Wagner) 

PORT  I AND  CEMENT  ASSCX'  SKOKIE.  II  (CORE  I Y );  SKOKIE.  II  <KI  I EGER):  Skokie  II  i Rsch  A Dev  I ah. 

1 ,ib. ) 

PRESCON  CORP  TOWSON.  MD  ( Ki  l l I K) 

PUERTO  RICO  Puerto  Rico  (Rsch  I ib  ).  Mayaque/  P R 
RAND  CORP.  Santa  Monica  C.A  (A.  l.aupa) 

RAYMOND  INTERNATIONAL  INC.  E.  Colic  Soil  Tech  Dept.  Pennsauken.  NJ 
RIVERSIDE  CEMENT  CO  Riverside  CA  (W  . Smith) 

SANDIA  EABORATORIES  Library  Div..  Livermore  CA 
SCHUPAC  k ASS(X'  SO.  NORW  ALK.  CT(SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEAD  CITY.  NC' (LIBRARY) 

SEATECHCORP.  MIAMI.  ET.lPERONI) 

SHELL  DEVELOPMENT  CO.  Houston  TX(E.  Doyle) 

SHELL  OIL  CO.  HOUSTON.  TX  (MARSHALL):  Houston  TX  (R.  de  Castongrene) 

SOUTH  AMERICA  N.  Nouel.  Valencia.  Venezuela 

SW  EDEN  Cement  A Concrete  Research  Inst..  Stockholm:  GeoTech  Inst:  VBB  (Library).  Stockholm 
TECHNICAL  COATINGS  CO  Oakmont  PA  (Library) 

TIDEWATER  CONSTR.  CO  Norfolk  VA  (Fovvltr) 

TRW  SYSTEMS  CLEVELAND.  OH  (ENG.  LIB  ):  REDONDO  BEACH.  CA  (DAI) 

UNION  CARBIDE  CORP.  R.J.  Marlcll  Bolon.  MA 

UNITED  KINGDOM  Cement  & Concrete  Assoc  Wexham  Springs.  Slough  Bucks;  Cement  & Concrete  Assoc 
(Library).  Wexham  Springs.  Slough:  Cement  A Concrete  Assoc.  (Lit.  Ex).  Bucks;  D.  Lee.  London:  I).  New.  G. 
Maunscll  A Partners.  London:  Library.  Bristol:  Shaw  A Hatton  (F.  Hansen).  London:  Taylor,  Woodrow  Constr 
(0I4P).  Southall.  Middlesex;  Taylor.  Woodrow  Constr  (Stubbs).  Southall.  Middlesex;  Unis  of  Bristol  (R.  Morgan). 
Bristol 

W ATT  BRIAN  ASS( X'  INC.  Houston.  TX 

WESTINGHOUSE  ELECT  RIC  CORP.  Annapolis  MD  (Oceanic  Div  Lib.  Bryan);  Library.  Pittsburgh  PA 
WISS.  JANNEY.  EI.STNER.  A ASSOC  Northbrook.  Il.tD.W.  Pfeifer) 
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WM  Cl.APP  LABS  HAM  KI  LL  DUXBURY.  MA  (LIBRARY):  Dusbury.  MA  (Richards) 

WOODW'ARIXT.YDE  CONSULTANTS  PLYMOUTH  MEETING  PA  (CROSS.  Ill ) 

ADAMS.  CAPT  (RET)  Irvine.  CA 

Al.  SMOOTS  Los  Angeles.  CA 

ANTON  TEDESKO  Bronxville  NY 

BRAHTZ  La  Jolla.  CA 

BROWN.  ROBERT  Universi(y.  AL 

BRV  AM  ROSE  Johnson  Div.  UOP.  Glendora  CA 

BULLOCK  lai  Canada 

I HEU/.F.  Boulder  CO 

CAPT  MURPHY  Sunnyvale.  CA 

GREG  PAGE  EUGENE.  OR 

R E BESIER  Old  Saybrook  CT 

R.y.  PALMER  Kailua.  HI 

SMITH  Gulfporl.  MS 

T.W.  MERMEL  Washington  IX' 

CEC  Morris.  Donald  G..  LT 


